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(54) OPTICAL COMMUNICATION SYSTEM 
(57)Abstract: 

PROBLEM TO BE SOLVED: To 
increase a dynamic range by 
separating each of plural received 
signals and amplifying each 
separated signal with a nonlinear 
amplifier so as to prevent an excess 
input of an electroopticcal 
converter without intermodulation 
distortion. 

SOLUTION: Radio signals sent from 
plural mobile stations are received 
by a radio base station 191, in 
which frequency conversion and 
optical conversion are applied to 
the signals, the result is sent to a 
control station 1 92 through an 
optical fiber 9. The control station 
192 demodulates the signal and 
detects the level of the received 

input. The base station 191 uses a low noise amplifier 1 to amplify the 
received radio signals by n-channels and a distributer 2 to branch the 
signals into n-ways. Each distributed signal is frequency-converted by 
signals of mixers 31-34 and synthesizers 36-39 to apply frequency 
conversion to decided frequencies F1-F4 not deteriorated by 
intermodulation distortion. Signals subjected to frequency conversion is 
given to a BPF, in which only one frequency component is separated. The 
separated signal is amplified, synthesized and subjected to electrooptic 
conversion 8 and the result is sent to the control station 192 through the 
optical fiber 9. 
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(54) [Title of the Invention] OPTICAL COMMUNICATION SYSTEM 

1 

(57) [Scope of Claim for Patent] 

[Claim 1] An optical communication system including radio base 
stations that perform radio communication with a plurality of 
mobile stations, and a control station connected to the plurality 
of radio base stations each via an optical fiber, wherein, 

the radio base stations each includes a low-noise amplifier 
for amplifying n channels of radio signals which are received, 
a distributor for distributing signals from the low-noise amplifier , 
mixers and synthesizers for frequency- converting the distributed 
signals into individual intermediate frequencies, band-pass 
filters each having bandwidth limitation for extracting only one 
frequency component from a signal outputted from the mixer, 
nonlinear amplifiers for amplifying a signal outputted from the 
band-pass filter, a combiner for combining signals from the 
nonlinear amplifiers, and an electrical to optical converter for 
converting an electrical signal from the combiner to an optical 
signal and sending the optical signal to an optical fiber, and 

the control station includes an optical to electrical 
converter for converting light received from the optical fiber 
to an electrical signal, a distributor for distributing signals 
from the optical to electrical converter, mixers and oscillators 
for frequency-converting the distributed signals, band-pass 
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filters for extracting only one frequency component from a signal 
output ted from the mixer, demodulators for demodulating a signal 
outputted from the band-pass filter, detectors for detecting a 
level of the signal outputted from the band-pass filter, A/D 
converters for digitizing output from the detectors, and ROMs 
having stored therein data for compensating characteristics of 
the nonlinear amplifiers with respect to output data from the A/D 
converters . 

[Claim 2] The optical communication system according to claim 1, 
wherein the ROMs are each a ROM that compensates output having 
an inverse characteristic to an input/output characteristic of 
the nonlinear amplifier. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] The present invention relates 
to an optical microcell communication system in mobile 
communication, and, in particular, to a system for reducing 
difference in level between radio channels which are inputted to 
an electrical to optical converter inside a base station which 
receives radio channel signals having different frequencies in 
order to prevent deviation from a required dynamic range of the 
electrical to optical converter, the system being employed in an 
optical microcell communication system in which a base station 
receives, from a plurality of mobile stations, radio channel 
signals with different frequencies and the base station converts 

2 
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the radio signals into an optical signal to transmit it via an 

optical fiber. 

[0002] 

[Prior Art] In a conventional optical communication system, as 
illustrated in FIG. 4, a radio base station 491 comprises an antenna 
40 for receiving radio signals from a plurality of mobile stations , 
a low-noise amplifier 41 for amplifying n channels of radio signals 
which are received, a mixer 42 and an oscillator 43 for 
frequency-converting the signals, a band-pass filter 44 having 
a pass band for the n channels of reception bands , a linear amplifier 
4 5 for amplifying the n channels of radio signals , and an electrical 
to optical converter 46. Signals received by this radio base 
station 491 are transmitted to a control station 492 via an optical 
fiber 47 . In addition , the control station 492 comprises an optical 
to electrical converter 410 , a distributor 411 for distributing 
respective signals, mixers 421-424 and synthesizers 431-434 for 
frequency-converting the distributed signals, band-pass filters 
441-444 each having a pass band for one frequency component, 
demodulators 451-454 for demodulating output from the band-pass 
filters, detectors 461-464 for detecting levels of the band-pass 
filters, and A/D converters 471-474 for digitalizing output from 
the detectors (see "Sabukyaria Denso wo Mochiita Maikuroseru 
Hoshiki ni okeru Dainamikku Ren ji Kaizenho" [ "Method for Improving 
Dynamic Range Using Subcarrier Transmission in a Microcell System" ] , 
Institute of Electronics , Information and Communication Engineers 
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(1992) Spring Conference SB-6-5). 
[0003] 

[Problems to be Solved by the Invention] In this conventional 
optical communication system, in the case where from among radio 
channels which are evenly spaced, a plurality (a given number) 
of types of signals having different frequencies are received, 
difference in level between respective inputs received should be 
taken into account , and elements excellent in quality are required 
in order to achieve low distortion and a wide dynamic range, and 
especially, it is difficult to perform long-distance transmission 
using an optical fiber. 

[0004] There is a method which uses an AGC amplifier placed at 
a position previous to the of an electrical to optical converter. 
In this case, means for separately transmitting an RSSI signal 
to a control station is necessary. 

[0005] In view of the drawbacks in the conventional technique, 
an object of the present invention is to separate a plurality of 
signals which are received into respective frequency components 
to prevent deterioration due to mutual intermodulation distortion , 
and to use a nonlinear amplifier to prevent excessive input into 
an electrical to optical converter to enlarge a dynamic range. 
[0006] 

[Solution to the Problems and Effect of the Invention] In order 
to solve the problems described above, the present invention is 
directed to an optical communication system including radio base 
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stations that perform radio communication with a plurality of 
mobile stations, and a control station connected to the plurality 
of radio base stations each via an optical fiber, wherein, the 
radio base stations each includes a low-noise amplifier for 
amplifying n channels of radio signals which are received, a 
distributor for distributing signals from the low-noise amplifier, 
mixers and synthesizers for frequency- converting the distributed 
signals into individual intermediate frequencies, band-pass 
filters each having bandwidth limitation for extracting only one 
frequency component from a signal outputted from the mixer, 
nonlinear amplifiers for amplifying a signal outputted from the 
band-pass filter, a combiner for combining signals from the 
nonlinear amplifiers, and an electrical to optical converter for 
converting an electrical signal from the combiner to an optical 
signal and sending the optical signal to an optical fiber, and 
the control station includes an optical to electrical converter 
for converting light received from the optical fiber to an 
electrical signal, a distributor for distributing signals from 
the optical to electrical converter, mixers and oscillators for 
frequency-converting the distributed signals, band-pass filters 
for extracting only one frequency component from a signal outputted 
from the mixer, demodulators for demodulating a signal outputted 
from the band-pass filter, detectors for detecting a level of the 
signal outputted from the band-pass filter, A/D converters for 
digitizing output from the detectors, and ROMs having stored 
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therein data for compensating characteristics of the nonlinear 
amplifiers with respect to output data from the A/D converters. 
[0007] 

[Embodiment of the Invention] Next, the present invention is 
described with reference to the accompanying drawings. 
[0008] FIG. 1 is a block diagram illustrating an embodiment of 
the present invention; FIG. 2 is a graph of input -output 
characteristics of a nonlinear amplifier; and FIG. 3 is a graph 
illustrating an relationship between input data and output data 
of a ROM. 

[0009] In FIG. 1, 191 is a radio base station which directly 
communicates with a mobile station by radio; 192 is a control 
station; and a plurality of radio base stations including this 
radio base station 191 are connected to the control station 192 
via transmission paths such as an optical fiber 9 or the like. 
In this figure , 1 is a low-noise amplifier for amplifying n channels 
of radio signals which have been received; 2 is a distributor for 
separating the n channels into respective parts; 31-34 and 36-39 
are mixers and oscillators for frequency-converting the signals; 
51-54 are band-pass filters having pass bands for respective 
reception bands; 61-64 are nonlinear amplifiers; 7 is a combiner; 
8 is an electrical to optical converter; and the foregoing 
constitutes the radio base station 191. The characteristics of 
the nonlinear amplifiers have such a tendency that , as illustrated 
in FIG. 2, when the input becomes large, the output does not show 
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a proportional increase but makes a descent . This happens in order 
to prevent deviation from a predetermined dynamic range by 
compressing a large reception input. 9 is an optical fiber, which 
connects the radio base station 191 to the control station 192. 
10 is an optical to electrical converter; 11 is a distributor for 
distributing respective signals; 121-124 and 131-134 are mixers 
and synthesizers for frequency- converting the distributed 
signals; 141-144 are band-pass filters each having a pass band 
for one frequency component; 151-154 are demodulators for 
demodulating output from the band-pass filters; 161-164 are 
detectors for detecting output levels of the band-pass filters ,- 
171-174 are A/D converters for digitalizing output from the 
detectors; and 181-184 are ROMs connected to the respective A/D 
converters. The foregoing constitutes the control station 192. 
Output from the ROMs compensates output which has inverse 
characteristics of the input -output characteristics of the 
nonlinear amplifiers as shown in FIG. 3. 

[0010] Next, an operation of the embodiment is described. 
[0011] Radio signals transmitted from a plurality of mobile 
stations are received by the radio base station 191, subjected 
to frequency conversion and optical conversion, and transmitted 
to the control station 192 via the optical fiber 9 , and demodulation 
and detection of levels of received input are performed in the 
control station 192. 

[0012] In the radio base station 191, n channels of radio signals 
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which have been received are amplified by the low- noise amplifier 
1, and thereafter subjected to n-branching by the distributor 2 
(n=4 in FIG. 1) . The signals that have been distributed are each 
frequency- converted by signals of the synthesizers 36-39 and the 
mixers 31-34 so that they will be frequency- converted into certain 
determined frequencies F1-F4 which will not cause deterioration 
owing to mutual intermodulation distortion. From each signal 
obtained by the frequency conversion, one frequency component is 
separated by the band-pass filters 51-54. The signals obtained 
by the separation are amplified by the nonlinear amplifiers 61-64 
with the characteristics as illustrated in FIG. 2, and further 
the resulting signals are combined by the combiner 7 , converted 
into an optical signal by the electrical to optical converter 8, 
and sent to the control station 192 via the optical fiber 9. 
[0013] In the control station 192, the optical signal sent from 
the radio base station 191 is converted into an electrical signal 
by the optical to electrical converter 10, and thereafter 
distributed to respective signals by the distributor 11. The 
distributed signals are frequency-converted by the mixers 121-124 
and the oscillators 131- 134 , and thereafter sub jected to separation 
by the band-pass filters 141-144 each having a pass band 
corresponding to one frequency component . From the separated 
signals, reception signals are reproduced by the respective 
demodulators 151-154, which become reception output. 
[ 0014 ] Meanwhile , since reception levels of the separated signals 
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are detected at the control station side, the detectors 161-164 
detect the levels and the A/D converters 171-174 digitalize output 
from the detectors. In addition, since the nonlinear amplifiers 
are used at the radio base station, correction of the reception 
levels is performed by the ROMs 181-184 to which the inverse 
characteristics (as illustrated in FIG. 3) of the nonlinear 
amplifiers have been inputted. 
[0015] 

[Effect of the Invention] As described above, in the present 
invention, a plurality of signals which are received are separated 
into respective frequency components, which are thereafter 
amplified by nonlinear amplifiers. As a result, mutual 
intermodulation distortion is prevented, excessive input into an 
electrical to optical converter is prevented, and a dynamic range 
is enlarged. Further, ROMs in which inverse characteristics of 
the nonlinear amplifiers are inputted are used when the control 
station detects reception levels. As a result, the reception 
levels are measured accurately. 
[Brief Description of the Drawings] 

[FIG. 1] A block diagram illustrating the structure of an 
embodiment of the present invention 

[FIG. 2] A graph illustrating input -output characteristics of 
a nonlinear amplif ier 

[FIG. 3] A graph illustrating the relationship between input data 
and output data of a ROM 
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[FIG. 4] A block diagram illustrating the structure of a 
conventional art 

[Description of the Reference Characters] 

1 low-noise amplifier 

2 distributor 
31-34 mixer 
36-39 synthesizer 
51-54 band-pass filter 
61-64 nonlinear amplifier 

7 combiner 

8 electrical to optical converter 

9 optical fiber 

10 optical to electrical converter 

11 distributor 
121-124 mixer 
131-134 oscillator 
141-144 band-pass filter 
151-154 demodulator 
161-164 detector 
171-174 A/D converter 
181-184 ROM 

191 radio base station 

192 control station 

40 antenna 

41 low-noise amplifier 
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42 mixer 

43 oscillator 

44 band-pass filter 

45 linear amplifier 

46 electrical to optical converter 

47 optical fiber 

410 optical to electrical converter 

411 distributor 
421-424 mixer 
431-434 synthesizer 
441-444 band-pass filter 
4 51-454 demodulator 
461-464 detector 
471-474 A/D converter 

491 radio base station 

492 control station 
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